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itBSTSACT 


A liquid aetal solutioa caiorieeter hat bees designed and 
fabricated. It is capable of Deasuriag beat effect oa 
dissolution of various oetals ia liquid aetal solvoits witii 
an aecuracjr of ± 0.^. He calorimeter is described la. 
detail and tbe teebalque employed la its operatioa is 
full;^ explained. He pmetotamoe of tbe equitHseat mnA tbe 
remits obtained are critieally evalaated. He partial 
gr«fr»atoaie mtbalpy of leid rtiative to solid lead In 
tbe biimetb^titt alloys bas bem mmsured as tbe fanction 
of co^iositioa of lead at ^ He remits bare 

been analysed on the basis of statistical sndels of 


solutions 
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airier X 

INTfiOSUCnON 


Xhe valfiM of ttwme&exqf (^6)« eattlialpf €AH|, and mtmpf 
(A.S) ebugei ubi^ aeoomp«ty BOtallie reastloBS are parweters of 
ijqiertaBee la netallargy. Ib the fi€GLd of alloy theory It la aeeaia«ry 
to kaow th«ie paraaeters to »ade»taBd and predict the hefcarlor of 
MBltlcoapoaeBt syateott. There are rarioas aethoda available for tite 
BMMunireBMMt of these paraseters. However, the ealorlsratric aethodt 
prodnee data eaa be directly and BBaaiiiseoBSly related to enthali^ 

Paiges. The llqvld-«etal solatioa caloriBetrie tediaigae has the 
additioaal advaatage of yieldiag precise data. It was, therefore, 
BBd^rtafcca to desiga aad fabricate a llqaid-omtal solatioa calorimeter, 
la order to demoastrate ^e applicability of this techalqae, the hi^t of 
solatioa of lead ia Bi-Sa-Pb allo^ has bem awamred. 
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Chapter 11 

pgaricx^ mm 

2*1. ATatlable Methods for aeasuraBent of thermadvnamle prooertlet 

farians setboda available for tbe deteminatioa of tbcaaedfuanie 
jpiaperties aed other »soeiated paraoelers oaa be divided iato foar 
eategorieej (i) aei^reBeBt, (ti) fapoer foesnire aeanireBeatt 

(iii) (%eaical eqailil^a or eipillbriaB ooastaat aeaeareneBt, and 
<iv) CaleriBetrie netaarenmt. 

6alv«iie eella are oted to mnmre tbe differeaee la e.n,f . 
betweea aa alley aad oae of its pare eoastitaeats. This gives tbe free- 
eaiargy diaage of tbe eeapoaeat. the valaes of 4»stbalpy ebaages are 
obtaiaed fmi the tesg^eratare ee*effioieat of tbe e.B«f. by tbe followiag 
eqaatioa^^^f 

A B - 2.1.1 

lAere a » aaid^er of eleetxo» iavolved ia remtiea 
r « Faraday*! ooastaat 
B <■ o.a.f* of the oail 
7 teaiHafatBre ia 

Bemnrer it is diffiealt to obtaia xeversible ecdls aad relatlv^y SMil 
enois ia tbe e.ii.f. neasaresMaits eaa resalt ia large mors ia tbe 
derived valaes of tbe mthalpy ^ntges. this it beeaase of tbe presoaoe 
of the first derivative of tbe e«Bi«f^ ia Be{«i 2 #l#il 4 tbe e«n 4 f« sietbed 
is therefore fosad to be amaiti^lo for aeasaremt of im^alpy 
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Vapditir prettare aessureneBts lead to ti« datanalBBtioii of OBtlifapy ch^at 
by Cl«p«^B*f aqaatioBu Gres tbaa|^ tb« in^paar piraasava data mur 1»« 
praelaa, tbe experlneiital eoadittoas «ay be gaab m to reader tbelr 
oomtoto iatarpretatioB difflealt^^^, la praetlee, tha eqailibriaa 
taebaiipta ia fenad suitable tot free-^ergy ehaages oaly^^^, tlia aaaaraey 
vftb wbiek estbalpy aad eutxopy ebaagas eaa ba dabiead frim tbt aqeilibrlaa 
mmmtoomt is aasatlsfaateryt as tbe eal^latlaa iafoiva taiq^rature 
eaefflaleat of tba aqatlibrluiR caastaat. By aaBtrast« tbe aalerlsetrie 
ta^aiipa is relatively sim^lo aad is a diraet aetbad of dat^naialag 
mtbalpy obaagas. 

2 * 2 . 

A ealoriaet^ is» la priaalpla m ImtmieBt sdilab ■Msarat baat 
olt«igas aaeoafiiiiyiag a pxaoess or a reaattiea* tba raaatlaa to ba 
iavastigated is earried mt ia tba ealoriaiet«r of kaoiab«it eapaolty wd 
tba baat ^ioot is dat«raiaad 1^ smuntriag tba abasia of toq^ratara of 
tko aaloriaetar. Siaea tba tesgrcaratura ebaagas om ba aaa«ired vary 
praeissdy, tba iategnl raargy ^aagea of tba raastioa oaa ba ^aiaad 
aoearately* Calorioetars asad by various iaveatigators my ba almsified 
OB tta basis of tba behavior of tba sabstasaa aadar iavastipttioa. 

(i) Drop ealoriaatar^^*®’**'^*^^ 

(il) Hmtiag aaloriaatar^^**®^ 

<itl) Bamtiaa ealortoetar^^*^*®*^^^ 

Civ) Solatioa 

la a Bmp aalorlaeim tfba spaaiam Is droj^M a bigbm 
ta^paratara to a aalorlaatar at Imrar tama^niivta mi Is lAlmrad to aool. 



tcRq^ratttn: of tfee actdedi oelts, oxidatloa of tlio ii^id iietols aod la^ieffoet 
Bixliig« !Ibl« netbod aloe roqairoa large qaaBtttios of pare oetals wbleb^ Is 
uaeoeimdeal* 

fbe selatioB oaloriaettrs ea^lo; a disoolatioB riBiotioa as the 
principle nef^anina of operatloa. For tbe neaBarecieiit of eno^y cbai^es 
aoeomMHiyIng solid state proeesses and reaetiom aAieh are slow« tbe salation 
oalorlwtets bare naay adraatages, 4eid solatien ealorineters as# aoMs as 
tbe selrent for tbe dlssolatien reaetlos^^^^» Ibese are at present baxdly 
as ed beeanse of its followli^ dnudmebs^ 

(i) Xt Is possible to get irreprodaolble oxldatioB states » 

( 11 ) *010 beats of solatios are large compared vitb tbe beats ef 

fermtioB Ib netalllc systess* 

(ill) Flsal reaetloa prodaets are eftttt iMertaia* 

Ibe Bse of ll({Bid antal solvents eleeinates eaay dlsadraBtagei of aeld*>solatloit 
oalorirntry. fbo adrwtag^ of tbe liipidHMBtal solatien calorioetor can be 
saaaaiised as foll«nti 

(i) Ibe dlsMlatioB of a solid m»tal or nlloy In a netallis nelt Is 
very fast. 

(ID Tbe final state ef tbe Mtlation Is i^l deflMd and reprodbioible. 
(iii) CSaieeBS prodaeta of reaetioui are aot involred* 

(Iv) Tbe beat of solatien in li^ld netals are of tbe sasM order as 

tbe bitttf ef formation to be determined. It Ss this eensidemtloa 
tbnt bsd emde rntnllie solatien caloriaetry most valafiile for tbe 
•eeamte determination of aitbnlpy ebsffiges in MHtnllie systemr. 

Xn • lignid metal selntlon ealorlmetery tbe beet ebmg*# 

•oeempttiytng a disi»latioa reaetloa are amemired. Wf alten»tely dlssolvii^ 
a material in Its standard state lb*) and In etber state (b) In a 



6 


evitable solvevt vadtr etbevvlae ld«Btlaal ^^adltlaatt dlffev^Mie in 
eatkvtpy between theee two itatei, j^CB^ • B^a) •* A ebitaived vf 

the Biffarenee betwem tbe beet effeets of tbe two dlssolotiov 

2.3, Llvald wwtal aolgtlea ealorlwter 

IB deeigaivg a li^id wetal selutioB ealorlaeter vBlt tbe fellBwiBg 
eriteria Bwst be tadr^m into eoBSlderatieB. 

Cil Hie mlB ealevliMtzie voit m%t be eoataiiied in svidi a themal 
enyitoBweat ip t&icfa beat tvanafer betwe^ tbe oiTizoiinest aad 
tbe ealeri^txie anit eeevra aeeovdi&g te a ba^wi lew, la otb«r 
wixda, there shoald net be aaiy vaaeeeaBtable beat leasee. 

Cii) The aalorinet^ ms% be eeataiaed la eeastaat tes^oratore 
enrireaneBt. 

Clii) 1» avetd extdatiev^ osAoriwet^ east be t9pt la weaBa er ia as 
inert alanapiieve. 

(iti Hie tem^eratare senalag derlaea west be aeeviwie and nq?ze#i«ible. 

Ike li^id BWtal aelvtlea ealerlaetrie te(^Bi<|ve was.fifat 
iatxedbiael bjr fi^ver and la I9S2 at M.I.T. <G.S.A.).SiBee then 

several aew dMigiwi and aodifieatieas of this ealerii^er have bem 

HriJle 1 and Figs. 1, 2 and 3 gift 

details of sosm of the iiqportatit llgvfd wetal solvtlov oaleriaeters 
developed so far. 

Hie ealevlatloB of tbe heat effeet of aa addition is mde is twa 
partSf fi) m observed te^fieratiirs ehaage. (at a giirea tiae after o«m>letiag 
of reaatiea) . it iioted and the heat effeet eerresposdi^ to this tenperatvre 
efcai^ Is evataated« lft| i^Sflsf this ttat idl of the heat of r^iotlea does 
Bot raaais is the oalorlawler. merefore a eorreetlos has to be soda 
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T^l« I « Details of Som Llqaid-aetal Salat Isa CalarliMtem 


z ' ' ^ 


' ■' t 


Oatailt f Borer 

i «««»•«) 

• 


Baltfirett 

^( 16 . 17 ) 


1 . 


2 . 

3. 


4. 

6 . 


6. 


7. 


8 * 

9. 


10« 


Ibenostat.- 

Biteetle alx- 
tare of ifa« K & 
Li attrates 

Alaaiaitua bloek 
aad radiatioB 
sbicdds 

m plated 
copper block 

Xiacfcare of Ms & 
K aitrates 

Toapofatare 

r«a^ 

24B*^^G 

2SO»SOO®C 

250-500®C 

24B-SOO^C 

T«^pes»tiir« 

eoBtrol 

Eleetioale** 

jij.oors 

(ki-eff 

oeatroller pid 
radiatlea 
skields, 
ii)4)rc 

PrepertioBid 
eoatioller mi 
radiatioB 
skields 
iG*ooi*c 

l2eetroBie^« 

iP.ooi®c 

Calorisetrie Beaar flask 

Bait 

Gr^ite 

eraslbie 

NoHcnteible 

■o-craeiblo 

StilTOT 

Belieal Glass 

stirrer 

(Botatiag) 

Grsfdiite 
iaverted oap 
(Betatlag) 

B»*iiii^Sl«r 

{Botatiag) 

■oostirrer 

(Oseillatlag) 

fna^exatare 

■Msarlag 

aait 

Cr/JUL tStmam* 
eeaple pit 
imide iatar 
a«ll 

Cr/Al 

themoeoaple 

CSepper* 

Coast «itan 
tbenweaapio 

Cr/Al tfcetnv- 
maple is tke 
belloa stirrer 

SoBsitiritf 
of taiqpNar- 
sturo 

awssarooffiat 

0*00^C 

0.001®C 

0«002^C 

Qmm^c 

CalilKratloB 

Ckomioal** 

neetrleal 

Ckwlsal 

GhOBiieal 

BnrlieapSkit 

sarrsaadlap 

ealorliwt«r 

fsSBBaiHr^ 

t» vr* m 
of Bp 

drgoB f M 

TasMULlpr^ 
vs of S| 

to 3®^ SB 

of % 

iemtwBj of 
tke aeasfr- 

4K 

lp.2 to ^ 

m 

m 



* IlflNitioals eaatftl sjataa aawililt af St* reslstanea tli««gNMet«r, 
Eeflaetiaa galveawBetesr« ptoi^tall* Aapllfier nod T7w|hie«r, 

** HoMBtlaf test «Cfe«t of tseMoi h«Bt eoBteat. 
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deipfliidiag •» tli« keat tnasfsr eoeffielent. tk« mmrmsy ef neamcosMBt is 
tlisrefsm liUiited by the aaeertaiBity in tb« heat (»s^aBged with the 
^gnrixeaaeBt ^riag the reaetles p«ricKl* This arises fziMB the aaoertaittity 
ia the valae ef heat trmttmt eoeffieieat. la the desiga et the liqald 
antat selatiea ealeriaeter the priaary tin is te ebtaia a eeastaat heat 
traasfer weff!ef«tt. 

Xa Bever ealort»Bt«r^^®^, the heat trassfer eeeffieieat *k* is 
feaad te be tiae d^eaiiat aai also the all glass eeataiaer is rather 
fragile, A farther dereloi»eBt of Sever ealeriaeter is reported by 

Sravits aai Leaeh^^^\ aad Jam aad Lemh^^*^ who obtaiwsd *1* vala^ 

iad^peadmt of tiae. Bowerer the desi^ is rather ooa^lieated wd 

1121 

ttKpeasire to fabrieate* the ealoriaetmr dereloped by Kleppa is rather 
aasatisfeetory beoaase of (i) the ealibratioa errors dae to rariatioa ia 

eieotrieal pammt iapat* (ii| the aeasureamt of the tcagiaratitre of the 
ealeriaeter ia its aail rather thm ia the solreat batt aad (iiil poor 
stirreriag. 

Xa the Baltgrea^^^ ealoriaeter it is foaad that darii^ ^e 
eeelii^ period of the ealoriaeter the heat tr«afer eeeffieieat iraritm 
with tiae, fhe derlatiea froa *I.iaear* Sewteaiaa eoadltioas ia the vidae 
ef X ia dealt with by eeeribiag e tisw depeedaiee ef fte fena 
t(l - 1 1 . I t^l, 

2.4, Bmmetics ef dilate solatteas 

Ehergeties of dilate solatioas are ef iatexost ia aaderstaadiag 

the eeaetitetioa of dilate aaltieiMBpoBeat solatioas aid ia evalaatiag the 
theraodyaaaie properties of these solatioas. Iteta oa the partial gr»»>ateaie 
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<Mitiifilpl«i eoB tM iffiftljrteci OB tll« basis of statistical tfacoirles to yield 

iafematioB ifbmt tbe eoastitittioa of solatiOBS, Iba dilate biaaay aolatioas 

hate be« iaas^tigated by Oaiasi m& liaa md 

Jmm mai e|e. A review of Mieb welt baa beeo reeeatly rifarted 

fdSl 

by 3mm ^ Waiit ea teraary dilate solatioas baa been daae by Kravlts 

C161 C32) 

md i,^eb'* * rad J«ra« Snitb rad Sever . Ibe ste^y of Jraa et al oa 
Me dilate aolatlea ef im ia Bl<-Sa iadieateftbat tbe eaersy of Att«<ia bead 
la selatioa is iqipreaiaaiteiy 12^1 leas tbra tmm tbese ealealated ea tbe 
brats ef Me regalar selatiea Meory. However Me devlatiea fiew ireplar 
ralatiea tbeery is believed to be dae te ebaage ta eoordiaatlea aa8l)er of 
/» beeaBse of its ssailler siae^ Sirae Me atewie volawes of eleweatal 
binnM sad tia at b2S^» are 9. A pit* aad 61 bl^er Mra Mat 

of gold. Me valae of raerdlaatioa rasdier ef t^ld la selatiea ray be 
eaiMeeted to be dlffereat flew Mat of Me aolviait, 

Tbe biaazy Bi^Sa solatioas bebave ideally aad Me beat of 
selatioa of lead ta aad Sa^^^^ at Wshi art -fidO rad 13^ eal/t««tQ« 

reapeetiv^y, Ha data is availMle ea Me brat of selatiea ef leed ia 
teaaary alleys, Siaoe Me atoole velaiMe ef Bi, Sa aad are 
3S,4» 25.8 ead 80.8 |^«8<36,S7) r«,pectiv^f , Me KUS»-«i traasiiy alleya 
are eq>eited to be mtsmler Mea Me teraary alleys. 
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III 

BXPEBXMENTIL T&CBIflQGB 


3.1. Iheoyetical coattderatloa 


A netal solstios ealorlaeteT assists of a solTOBt balJi 

oaiataia^ la a ooastaat tOB^rature esTixoimeBt. At a pairtteulaf 
iastaaea, lot tAe tetm^eratures of the emritoimeBt a«t the eoataiaev of the 
soloeat bath be T. aai T respeetloeljr su«h that T_ > T, the rate of hiMit 

o m 

eachaage is gircai by the followiag eigtr^sioa* 

% m • 1^) + K^CT, . T) + h(T, * T) 3.1.1 


lAere ud h are raastants eonraspoadiag to heat transfer by 

radiation, eoadaetioa wA Maveetion respeetiToly. Mritiag fT^ » T) » iM 
laid exi^^iBg the tem tiie ]B|, 3*1.1 beemses 








+ AT + h^T 

w 


3 « 1.«2 


A T is often of the order of |p.Si^C, TriEing 600^ for tiie tete In the 
Mpiare braehet is reduoed to 1 0.001. Iherefore, we eaa negleet the 

term eontaining C'^). the fi|. 3.1.2 beeeaeo 

i * I(T, - T) 3.1.8 


E * (4l| E|| 'f E^ ^ h) » a eonstmt 8.1.4 

the oontrihatloa One to E^ twnl h In 8|, 3.1.4 ean be nade negligible by 
mintaining vaenaa and thesanaiy iasnlatii^ the ^iromeat frea the 
solTcat bath. Has eonataat *E* eaei be aade iadepeodait of tlM. 


l^en a speeiaea Is aMei to tbe ealorlsetex’ tbe teaperature 
oi tbe solTopt batb is phased as the speolis^ Is at a tcoperature 
difler^t fxoB that of l^e bath. !ne . tanperatare variatloa of the bath 
la a t^leal additioa is shows la Fig, 4. It th^ follows that at a 
particmlar iastaat, 


4<|__ ^l««i 

-^|E*. + « ic(f^ * t) 


3.1.5 


dq 


i^ete 9 Tate at whioh heat is absoxbeit by speeiami 



and KCT, « f) 
At eqailimriiuit 


rate at i^leh heat is id)seri>ed b; ealorismteor 
rate at wfaiefa hmt is reeeired fraa the sanoaadiiHt. 


m 0 

4t ^ 

aad T «■ « a eonstaat. 

Haoee 

^), - *<i, -V 

Itoii^ tl, 3.1.A« Bi. 3.1.5 retook to 

at + «I, - T» - S.l.T 

dAna 


where CL • heat e^iweitf of ealorineter at paniettlar iastaat. 
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SalMititiitiiig B|. 3.1.8 in tlie If. 3.1.7, «e get 


+ Cp II « E<T. - T> 


3.1.9 


Xtttegratifig B|. 3.1.8 eerretpoaiiiBg to t^e ten^eratere T asd tiae we 


I.P. M S 


- T) di 


3.1.10 


- «.p. J S.„ * “.P. ; “tP* S, 


sp.CmlB) 


3.1.11 


«8«re 


Qm m keat absoiiMBd by a aale of apeeimn on solntioa at T. 
B-_ m taaiter of aeles of tlie spoolaoe 

»P# 

M iBltlal ta.g>eratare of tbe apeoiaoB 
IT- m partial gra»*ateBilc boat*>oi^aeity of fpeofam 

^Bp.CfOlB) 

ia aolatioB. 


CL 4f » CB. - &. ) 
*^ap e o ip 


J^itetitattag ll|. 3.1.11 Ib 8|. 3.1.10 


* V.P- * \ * J rw. ^.p.(»u) 
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I(T^ - T) dt 

m 


Let Bf deofiiie , tfee sven^e final beat<««apaeity such that 
T 

/ Wrt]" * S,"'V 


# 


Ibm 


% 

Hr.\ - \>,p ♦ “.p. \ * V’ ■ 


3.1.12 


Differeatiatias B;. 3.1.12 



C_ dla<t..T) « -Kdt 
**f • 


or 

dlaCT^ • T) » - k dt 


tftete 

k C_ m % 

H 

3.1.13 

er 

1b(T^ • TJ » - kt + C 

3.1.14 


13iit aqaatiaa ilieaa ^at the heat tnaafar ceaffieieat *k* 
e«i he ebtalacd far mf addltlea ftPMB a plet af leff^iCT^ » agaiMt 't* • 
B|* 3.1.12 e«i be reifrittea after sabatitatiag 3.1.13 m follova. 
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Qj 


•P. 


(T^ • T) + k 


(Tg * tut 


* <«- * H- ) 

« « fp. 


3.1,15 


Fir « fialibratiag aidltiaas, «kere Q» » 0, 8|. 3.1,1^ 01 t«s 

m 


** »«» • ®T > ^ *ea«. 

Pf fp, *7^ ,p e®rr. 


3.1,16 


abero ^ ^eorr. 


t 


<T^ „ H + t 


% 


- mt 


3,1.17 


lha best e«p«elt]r of aalorlaeter *C. * it ebtalaed with tbe kblp of 

Pf 

Btl, 3.1,16 hj addisf ipeeiaens of kaom Mott vifmt, Kaeifi^ C- ttke heat 

^f 

of toltttloB of ttiy aiiditioB obb he detetsiBeS hj usiiig B{, 8.1.& 

Sn^ly t BWBher of aMitioas are wade to a partlcalar lead of 

bath. If e, ■, r --»> nfreaent the BBni>er of aMittoBs Midi ^ Is the 

th ■ 

▼alBf of <L for the r a^ttioa, thea C. eaa bo aalaalatad by 

Pg Pf 

follewiag ^qpressioBt 




3.1.18 


■hffiro B| * Mnber of aolw of oMqpoBwt *i* is the ^otble «t 

the eai of r adkIltiM 

poytiol 

^ m ^mlpSk boat oii^Mtty of OM^oBt *i*. 


*•2. Itet lflB BBi fabrltatloB of oalorlaotfr 


lie 11^14 mtal eolatloB oalorlaoter eoBtItts of a eoastiait 
taqperatare eavlroBimst BaiataiBod arraad a eeatral ealerinetrie aait. 
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Hie spaee hetHmm the rarixoi^at sad tke exact ibis eeatslaii^ liciaid 
netsl , is kept ai^ex vseaasi ia exdex to redaee tke keat ttmtttat eoeff ieieiit 
a^ tke esd^atiea of tke selr^t »elal« tke ptioarp ala la desiffslag tkis 
caloxlaeter Itas iteea to w^iave a eoastsmt teap^ratare eaTixoaaeat. nid 

a Blalaas uid mtleaal heat tmsfer ctoeffleieat. Ihe d^Mexiptloa of the 
eiplpi»mt is divided late the followiag seetleas, 

(1) the thexnostat . , 

Cii) Ihe ealoHs^irie salt. 

(ill) 1%e vaeaan sjrsteai* 

Civ) The teaqpefataxe neasariag systee, 

3.2.1. Ihe thexaestatti Frevioas woxtexs ia the field of liqaid fflotal 
selatioa ealoxlaietry have ased the followiag thexmo$tat«;| 

(1) Salt bath with el^tkeale eoatxol syateai* ( 

(11) Itetal bloek with eleetxoale eoatxol systSBt ^ 

(ill) Metal bloek with aaaber of ndlatloa shields sad a simile 
pxopoxtioaal eoatxollw. 

Ihe first eae is very eoaplleated to fabrieate mi a aimbix of j^etieal 
diffimlties are assofiated with its smiatsd^Mte ei>f. eomaioa bj s^t 
belli ete. The eleetxoaie eoatxol systen is very diffieslt to eoastxaet 
wbA «q^eastve to iastal cad sniatala« The lost -me^od is rsdativtfy sb^ile 
aad idia^. Therefore* this eethod wm saitrf»le to iastal for this 
lifaii aotal solaties ealoriMeter* m^e theory of this awthod is based oa 
the early woxk Tim^^^ ea aaltiple eMlosare tkexg»stat ^ . "If a 
^esasststc wasists of a aeitral body aarxoaaded by aaltiplo aaolomreit 
thexnilly iasalatod tmm the e^tral bedy aad eaah otiier, the tca^eratare 





flnetaatioB of tke eeatral bodjr eaa bo rodueod snbstaBtiolly bj loeatiag 
tbo tcRparature «»Btfolliiig system at tbo oatar most eaelosuao** AsmiBiag 
that the flBetaatleBS ta the OQtenest eaelosttre is slB8K>ldal« 


Tj «* f + |sia 2-fT>l t 


3.2.1 


lAera 


T « aeaa ttag^exatiiro of tmtclesam 
Tj - of th. 

at asy tiiM t 

1 « as^litade of flae^atfoB of temperature 
f m frequflfify of oseillatioas. 


SlJBilaAjr the esgfiressioB for ten^erature flaotuatioa ia the seeond 
eaeiosara eaa be writtea as • 


• T + ^SiaaiTlt-f) 


3.2.2 


ahflre 


^2 * the iastaataBeeas teqieratare of eaelosare 
<f> » {dtase lag is the tea^erature flaatBatlons betoeea tae 

•aolesBTi^ 

P » aaplitade of flaetaatioa of taq>«»tare la the seeoad 
«M»le«ire. 


If E is the oeeffioieat of heat traasfer bettseea thMO tae eselosares* 
thee the heat eoBfteoted from ^ter to ianer oielosare follem veil ka^ai 
iiffereatial eqpiatioa. 


«*1- V - *2^ 


3.2.3 


Matt selTlag B|. 3.2.l« 3*2.2 aad 3.2.3 tlaiiitmeeaaly«, «e gat 
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tm4 « 21t9 3 . 2 , 4 . 

md r » fi Cs ^ 3.2.«> 

1!. r«taee tiBq[>ar.ta7e fl«6to«tioB sabstmtially 1. tb. (MeLnire E* 

m§t bt ni^ IMS tbu i&leb latent imms titat Cos ^ is aialaaB. 

Bat m Ces ♦ 0, ^ Tf/l aad Cos » fm^ "* 

Haw ft. Sm2,4b em be mittm m 

*• - “TiiVq »•*•* 

B|. 3.2«S sobs the eriteri. for tbo iosiga of thoraostitt > for 
imxIaBB TiihietioB la tbo t«Mp«ratsre flaotaatloas, tbe folloniag faotors 
were tidte. late eoasidMatioa* 

Cl} Bartoaii heat eifoolty of tke mlttple eaelomres G^* 
fii) Bialani heat traasfer benre« tbo MOlosatM, 

(ill) Bariaaa fm^easjr of oseillatloas 9 i.o* tiio nxisHo frequoaef 
of OB*off of tke eoatreller. 

tko tliffiin»stat< ooaslsts of a steal aoataiaer Kkieb Is IS^ 

Md 9 a^. iadtes la eioss seetloai tad bas a rail of tkitdcaeos Hio 
MStaiaer is ebiMitni plated to prereat oxidatioa of olid stodi ooataiaer. 

tke aeest emlemre is aa aliuaiaiiBB oyliadert 7* ia diasaH^, If* de^ witii 

!• 

a ifall tbialcBess of « Uto abMaiaiiis eyliwier is tbismaai j iaMlated 

twe the stood eoatalaer bf plaeSag alMeiaa plates hettreea then, the 

ndiatloa dhltiids eeasist of ooaxitiL oyliaders naie ap of ^ thiak ooj^er 

1 ** 

shaod. these radiatiea dlldMi are M^rted ee J thii^ stalaless stdM 
plM ihtidi lit silver hn«ed to idle radlatiea shio&ds as shoaa ia Fig. 5* 
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At st«iBl«i8 ste«l Is « po«7 tksxBttl esadsetor and tke diaoeter at pint 
Is vary sanllt tkavt will ka ?ary little tkac^ ceadnatien between tbe 
eaalenzes. 

He hwetii^ aeils mwlased ia gioeved tiles are plaeed eatside 
Ike steel shell, the eleatrleal iasulatlea between the oolls i^d the 

ste^ eeataiaer is prerided by petting tireelay spM^rs betneea then. Hie 
tazanee is enelesed in lightweight tireelay brleks (thexwal eeadaetiTlty 
S X MT^ eal/see/^^/^C at 2®D*C), Ihe gi^ between thee Is filled with 
mgaesla pewder, the «Aele systen Is eselesed in a eyliader at galv«iised 
iraa %t* ie di«mter, SfT de^ with a rail thlehaess ef ^ 
the tiles were pn^pared trow a alxtnre eoBtalaiag 409$ tireelay gieg, 

2091 tine tireelay aad 4091 ehtaa elay. the tiles were sietered at 1SOO*C 
ter 6 hrs, A brass tinge Is ased to eover the steel eoataiaer. It is 
also provided with the beatiag tiles to heat the top of the calorimeter, 
the heating nils are eoaaeeted to the variaas to draw the pow«r at dnired 
voltage. Hiaety perent of ^e power is directly sepplied thm^i varins 
and idmt 10% et the pewn (by top heator) Is eoaaoeted te the oanstt 
eoatiellffir. In erder te raiataia a teqpMRitttro of 20O*2SO**C« a eermt 
et 4.S at 120 f was waietaiaod ia the heating eolls at tidn nd S 
aniw at ^ f in the heatlag eolls at top aad bottm, thes ^o total powor 
regairewoBt wn 1,4 W. 

tho ragulred t«qp«ratere natxol is i^ietod by a oanitt 
tahparatara eoatroUcr (brads ^ Horthrap. Eteetrewax.), A ebranel/Mai^ 
th«moenplo is ased te sease tiio tss^oratare tlaetaatioas at the eater 
siesl ihill. the timaoeeiiple is hrased la a eeraBile well plaeed between 
the gmved tiles aad steel lb avoid the effect et roow teiqieratare 

fleeteatleas* the eeld Janetlea of the therneenple Is ralntalaed ia a 



Deiiir flask pa^ai witli §r€mni lea. fk« ^pper > .. vitm irm eald 
JanetioB aia eoascetedi to the tei^erataxe eoatxoller. Ike eoBtxoller It 
6ipd»le of givis^ a teiq>eratBre coatrol of jhl^C. A ealmlatioa asiiig 
ll. 3,2.^ s^nrt that a ehaage of jhl^C ia the iHiteznost aioloatre 
toi^eratare, will give a teiq;>exature flaetaatioa of 4p.001^C at the ceatre 
of the oaloviMter. Bat aetual Boasurements shomd that the tfa^exetave 
of the tolvwt hath in the ceotxal ealoriaetrie salt ms coastaat to 
iPJQf^Q fev a period of 20^ ainates nhich is saffieiest for m oag>eriBeBt. 

3.2.2, Ihe oalorieetric oaitt the ealorlaetrie aait eoasists of a 
emeiblet a lelveat bath, stirrer aad aiditioa STStea. the T diaeetar swi 
3^ de^ eraeible is fabricated oat of stainless ate^ sheet of wall 
thificaess O.Oi^, the eraeible it placed ia the oeatre of eidorimter on 
three 0.2f ditfwter «id 3* hi<^ almiiiia rodt lAieh are lasted la the 

bliad bel^ at the bottoa of the tteel shell. 

Beet tn«tf^ betweaa the eraeible mui the radlatieB shi^do 
ew be aealfsed 1^ eoasidcrlBg theai at iMo eoMioatrie tphoret of diawter 
«iNi s'^roopectively. It e« be shows tiiat the not hmit tnusfer by 
radiatioa per teoead is gives by^ 


^1-2 * *l ^ t T^T ST 

Jmm «|k mJm 4IP «nJe 


where 


h 

•l 

€ 


sarfaee amat of the crooibio 
tbiolBte to^^orataro of eraeible 
owisslvity of the oreeiblo 
radiatioa ooastMt 
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Hit $abMxlp% 2 x^ers to tilie t«w» for tko iraidlotiea olileids, 

Ik o«r 


^ “ is 


Let 


or 


f<«) » ^ ^ . I) 

n ”2 ^ 


f Co) » t 


3 * 2»0 


It it oinrievit iron 1|« 3.2^6 tliot fC«) Is anre sensitive to varlotion la 
0| tbidi tbot la 0^* flieroforOt MtlBteamtee of a briglit sarfaee on tlio 
emeible is deflaltoly desirable to bare aiaiaiB b««t transfer. For tills 
reaaoa entoible is always girra a ^od polish before It is ased for mj 
ei^erlBait. 

Ae aetal ba^ is stinrad la order te ebtala aalfoxa tawperatare 
and cwi^sitioB. and te iserease the rate of dlsseiatioa* fhe stirrer 
eoasists of 3cr long aod 0.29* diaaeter stalaless ste^ rod. A 0«(^ tiiish, 
0.625^ wide and 1.29* loag stalaless ste^ helleal blade Is spot mAded 
to tht ead of this red. ibmt "MT ef the red awir the blade is swaged te 


the diaaeter of O.f* la order to re^ee the heat loss thi^^ the stlrr^. 
the stirrer rod passes tbreaf^ a self labrleated ball bearli^ fixed oa tte 
top ef the lABBlataa oylladar and a doable wilsea seal Cl^lf . 4) braxad to 
the top ef a stalaless stekE tabe. the stirrer Is eoaaeeted te the 
retatlag shidft by a rigid rasaaa raldx^ tabe se that the aisaltgaieBt la 
the taa aetal shafts eaa be wseconedated. the retatlag aotlea is laparted 
hy a syaehrealsed, llhwalts, 90 r.p.a. aater. the speed is laereased to 
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100 r»p.s. by a step np pelley.CFtg. 0}* Iha a»tor polley axraageMBt and 
tba ball baaringt boaslag ara maated ea aialuBlolBa fflate* TIa position 
of ttia alBBiaiBffi plats sapport eaa be dialled by aaoii^ tb« assadtily along 
tbo hollow nild steel tnbe to which the alaainina plate Is atti^hod* He 
lAole of the stirring systeo Is fsbrieated so as to hare ■aadaaa verstallty. 
It hu ^t throe degree of freed<Nsi to adjust the position of stirrer in 
the o«ttre of ealorlaetw^ 

I" 

He sn^lea are added throui^ a ^ diaweter stninless stSH^ tnbe 
nhldh extends down to the top of the erueible* He stainless steed tube 

is also bent at tan places so sa to reduce the speed of the faHis^ 
saaq^les* A gate valre (Fig. T) Is attached to this stalnloss stool tube by 
0-ring soal« A 1* diaawter pyrox tube is atti^od to tho goto valte by 
as alawiaimsi wilsoa seal (Fig, 8), Ho specials is k^t in n glass 
addition tubo lAieh is bait so that its closed end can be placed in a 
Dewar flask and eaa also bo rotated with the use of a cone md socket 
gxonnd glass Joint, A gxonad glass raounn ralve is also attached to this 
tube so that before opaiing the gate ralre the glass systeui can be 
ovwwatod, 

3.2,3* He smtaii Here are two reasons for aicloslag tho 

ealoriaeter in a vacunai systOBf ono is to atoid conroetion and eoadnetion 
through tho air or gas surronadii^ the ealoriaeter «Bd the other is to 
ro^oo oxidation of liguld metal In the ealorineter* He raouiui in the 
system Is naiatalned by a rotating peap and a vweanai np to 20 to 
is obtained by it. He varann in the system is moasured by reeoo thermo* 

oemplo gango. 
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tkM vtwu 1« raiatalBed ia tke Dili tteti. skill tkma^^ T 
ilaaetir staialtis ste^ tal»« sham ia Fig, 5. A wppeir aiopter is silT«r 
fnmuA ta tkis take m that tka taoiBB TBM>er tebe cm easily be iasorted 
ever it, TaeaaD seal at tctm tea^entare are Bade vitk 0*ri^t fabrieated 
eat ef geepreae nbber, Ike seel betweea tk# flaage of tke «ild ste^ 
ik^l aad tke top brass fl«ige is Bade with 11.9T^ I.B* O-riag seti. Ike 
flaages are mter cooled, A aaBber of saall teles, tiwat ^ ia diaDOter, 
are mde la tke radiatioa shields to avoid bloekade of tke air passage 
for raeasD. 

Ike 8^ at tke ^ of tke theraoerntple tabe is aade by 
attachiag a copper adopter with Oo^riag seal CFlg. 5K me gate ralve ia 
the additioB systea aad dwble wil^a s^ ia the stirr^ag systOB are 
vacaaB ti^t, 

3.2.4, me tteewfatwre weaaarlag waits A 34 gaage fibre * glass 

iasBlated ChrDMl/AlM^ tkcoBoeeaple is ased for tiie BoasareBeat of 

beo-4 

toaq^otetare. He hot jaaotioa^is rade by strikiag an asa with aereaty at 

SO volts. Ike mesBoeoaplo is passed iato the vaa^ systea mroa^ a 
sBall alwaiaa tabe ( 0,^ disBoter) lAieb is sealed with araldite ea 

to tke eepper adept«r at tiie ead of the tkiOBoeeaple Dibe (Fig, 5). Hie 

tkeiBeoeaple is tkea iasertod late a 0.; V* diaMter staialess steal tabe, 

idiii^ is placed taside the exveible i»d silver braaed to its top as shemi 

ia Fig, S. mis arraageswait easarws good themal eoatect wltit tke selvoit 

tetk aad preveats aay shift la the positioa of thersBOoaple. Ike free ead 

of the th<»Beeeiiple wires are tkea soldered to 20 gaage eaamiled copper 

wire* asiag Zafil^ flax. Hiise Jaaotioas are kept laawrsed ia s«ll pools 

of diffasioB piaap oil miataiwd ia glass tabes* The glass tab^ are 

ki^ ia a Dewar flask packed with fiaely gxoaad ice. the top of Dewar 
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fltelc i« well l8«ilated sad pieteeted fzoo drsuf^t. nie eeld Jaaetioa 
leadf are eoBBeeted ta L^s €- Itortltnip pet^tiesMrter (type TS ^} . He 
petesfleaieter is espable «f reading 1.6 volts la aaits ef 0.5 jar, Tke 
pet«itl«Mter Is eeaaeeted te a Leads & tiortbxup galv«MBwt«r Ctppe 24S0> 
as MBll peiat deteeter. Tbe potenti^Mter dram its power a 2 volts 
l4^s & Hertbxop eenstaBt voltage aait sad is staadardised agaiast 

a standard eadddaw eeil. I&e seasitivit; ef ^e galveaesieter is 0.5 jhv/aw. 
It Is earn# to pendt tlie aeasurewmt of te^peratare diffeareaee apto 
0.06^6. la erdiar te red««e vUdfotleastbe galvmraetm is maated ea tbe 
siieek absoxbiag pads* 

3.3. Fioeediiro 

Siaee tkt tes^eratBre ef tlie ealerimter was tSmtt 200^0^ the 
l»istMitlN.tiii eateotie ef ^M^tesltiea ' 4^ «t, Sd md 5^ wt. Bl' md 
aeltii^ tmperataro lf7*C was sheeted, fibis selveat also ^es net react 
with stalaless steel exaelble. Ihe eateetie allep wm prepared welting 
bisnsth md tin ef 99.^ prttf. Hxwt 660 gm ef this sllejr Is leaded in 
te the ereelhle. 

Xhe leaded eraeihle is plmed on the alBwiaa smarts aleiHEr with 
the radiatiea shields. The theneeoHple pi^arod la tte amiBew already 
deserlhed is pshed dem la the thmweeeaple stainless steel tahe. the 
stalaless steel stirrer is Inserted la the stirrer tahe thioBiidi hall 
hmriags wad the wilma sml. the tep flange assadhly Is elemed with 
aleehel* grmsed md elled at the reqpilred plats e.g, gate velvet wllsea 
seal «sd tiie addltlea tahe ete. this assesd»ly is reeted ea the sdlld steel 
flange ef tiif lower steel shAI. the systaa Is evsinated and the water 
sapply Is swit^sd 4hi. la the haglanlag the pwer sapply Is h^t lew. 
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aJDOttt 40 volu aoci 2,S mp$, M tbe to^eratare iacreages* the pmi 9 T 
smppl; is slowly iBoreatod to 125 tolls asd 5 «^s. fbe stsial^s ste^ 
stinrcar Is {wsbodl dons till It tosses the solid alloy is the eamoihlo. 

As ^0 alloy starts awatiBg the stixrer is pashod doim &rtbflr. IBiob ^o 
load is o^lotoly ooltaa* the stirror is polled op lAoot l/4r wb&rm tiio 
bottosi of onieible and attached to the dritiog aeohmisa by a xabb«r tabe. 

la the iMOB tiise the teBperatate is i^imred by the poteatioaeter. It 
tahai aboot 10 boon roach the eeltii^ poiat of the load end depeadlag 
apOB the tesq^efotore of opezatioa it ts&es 4-6 tewrs for the lead to aOlt. 
Osaally It is left otomight so that tk% system reaches a steady state 
asd a coBStaat tea|>eratare is mtiataiaed. 

IfiBKt Botaiag tte stirrer is started, fhe specimea is weighed 
aad pot iato the glass additioa tabe^ It is thca eeaeaated through the 
gy r> ^n/i flsss vslre. Ihe glass additioa tobe is coaaected to the ealorlaieter 
by opeeiag the gate ralre» Ihe additioa tebe eoataiaiag tho specieeB is 
closed is a ice<-«ater ba^ miataiaed ia a IHmax fluh* the eold 
joaetiea it packed with finely groaad ice. the peteetimeter is standardised 
egalast staadard eOll aid the mec^aaical sees of the galreaesieter is 
adjasted* the teaperatare ef the bath 1$ aeted as the faactioa ef tiaw. 

Ifiiew the teaperatere reai^es a eoastaat raise the peteatiMeter md the 
galreaaweter are agala checked aad tke tesqieratBre is noted, the speeinea 
is a^ed by taraiag the speciMsi tabe oa the gnmad. glass joiat* the 
elect is started as the light spot oa the galreafflaeter scale starts weriaf. 
Wfoliagf ef the peteati^waeter are takea at fiaed laterrals ef time for 
abeat 12 t# 15 miaates. tie reediags are taken after erery 16 seceads for 
first two miaates aad thea after iatevrals ef 3© seooads. Iftiea the reqaired 



itRidl>er «f tiBO«>tfiqM}r«itaYe readHags hw# been takte, tie gete iralire it 
olesed. tie glees tiditiee tabe Is dlsessReeted fxe« tiie gvraed glass 
Joittti lie metal l»ti Is ticai allenreii t© eeme back te tile eiallltoliia 
state before the aext addities Is maite. 

tftea regBited imidier ef aMitieas hare beea nadoc tile pewer is 
slewly decreased first said th«i slait off. Before pattiag off the pMcer 
n^ljr the stirrer is palled ssiaf fraa the aoltea bath, lie fhmaee is 
thee left te ceel ereral^t. Xa the aisEt asraiag the egalpMast Is 
dtsBSffitled by a preeetere eppesite te oae already described. 
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Qi^tear XV 
lE^fS 

4.1. Ptlill ealcnlatloM fdr ^ addltteiii 

In tbt ealoriaetTie mperteeiit saiaples air* aidkled fxMi a feaoin 
toq^nnitere I* a solvaat ef k^wn wel^t and i^q>*sitloK. 1k« 
ta^EHNratur* eka»ge of tke $olv«it wltii tloe ia noted for «aeli addition. 

H* boat affeet on diasolntion of tbe added sanpl* is ealealated on tbe 
basis of tiiM^tea^ffiratare data. Ibese ealonlatioas are iXlnstratod for 
tm additions. 

A. ddditli^n of a tnggaiist SMsIaift Clabie II, Sxp. 2«1> 

Solvent «• 650 gns (4?% nt. Sm and «t. Bi> 

Spooinen • 1.7866 gni of taagstan (2 pioooa) at ZV^K 

Siao* til* boat content of tungsten is kaoen and it does not 
dissolve ia the solvwtj this addition is used to oalenlate the bent 
oapanit; of the oaloriswtor. 

In order to obtain the value of *k* a plot of los Ct^ ♦ Tf vs, t 

wa$ nado CVig. 91* Using B|« 3.1.14, the value of *k* ealealated fson tke 

-4 

slope of tbit gisgib ms 16.73 x 10 see . 

300 

The iategral J CT_ •• T)dt evalaated astag the trapeseidal rule Is 
e • 

3143.7 ;av->see. 6mt»e 

300 

k CT^ . 7)dt • 30.78 * 10"^ * 3143.7 * S.S839 ^v 

e 


t|jii».TeBpey «titre Data for * ^*t 


Tint, *t*, 
f«e. 

TeB4>mitur«t 7, 
jn 

(1* - D, 

lot <T^ - t> 

0 

7511 

- 

- 

15 

7499.5 

11.5 

1.0607 

30 

7498.9 

12.1 

1.0^ 

m 

7498.9 

12.1 

i,€im 

m 

7499,0 

12.0 

1,0792 

75 

7499.1 

11.9 

1.07^ 

90 

7499.5 

11.5 

1,0607 

105 

7499.6 

11.4 

1.0569 

120 

1499.7 

11.3 

1.0531 

ISO 

7500.2 

103 

1.0334 

180 

7500.5 

10.5 

1.0212 

210 

7500.8 

103 

1.0086 

240 

7501.2 

93 

0.9912 

270 

7501.5 

9.5 

Qsm 

300 

7501.8 

9.2 

0.9638 

330 

7502.2 

8.8 

0.9445 

340 

7502.4 

6.6 


390 

7502.7 

8.3 

0.9191 

420 

7S(^.9 

8.1 

0.9065 


7502.2 

7.0 

0.8921 

480 

7902.4 

7.6 

0.8808 

510 

7502.6 

7.4 

03692 

540 

7502.7 

7.3 

03638 
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A T 


eon*. 


AT^. + k 

06 it 


f 




A T.dt 


f ,2 + 3.38» 


» I2.SB38 

Itettber of 9*atoas of toi^stOB, f ,72 x Hf® 

Fiom data la tho lltorataro^®’^ tko boat eoatnt at T. • Till jn * 

V 

4©T,6B®I 4,2.2>jLs 


” ^^?3*15^V * 1103«8 eal/g-atOH 

Heaee tke h«Kit oai^ity of tko oaloriaetor at tko offi^pletioa of tbo 1st 
additloa la 



b(B. • Up > 


AT 


eonr. 




B. W1«H» »f 1 Iwi wwiM (lau* II, sv 2.B) 

Soloaat -• 650 pa of allof CdtUl wt. «t, Bll, 1.7866 pa of 

taogstoa addoi la the first aMltloa aid 1.219 pa of 
bisaatk added la the soeoad additioa. 

SfOelaoB ♦ 1.17466 gas of load <2 pieeos) at 2tS®I 

Tk% heat i^foet oa solatloa of load ia tie blsaat^tia idlof la 
ealealatod ia the folloalag oaBBor. 

ISI 0 valBO of ih* it obtaiaed fxoa the slope of l0f(7^*T) vs. t 
plot <ri«. W) M ll.M X MT* see*^. At tioe t » 240 see., A « 13.4 av. 



Tia»«T«maCTatBre Data fo^ ^ ■ 3 


Tl«e« *t*, 
tee. 

Te^eratuTOt T« 

/tw 

(T - t)i 

1.*<T, - I) 

0 

7S78.4 

m 


IS 

tS6l.O 

17.4 

1.2405 

30 

7561.4 

16.8 

1.2^ 

m 

7562.2 

16.2 

1.2095 

m 

7562.3 

16.1 

1.2068 

ts 

7S62.5 

15.9 

1,2014 

90 

7562.6 

15.8 

1.1987 

|0S 

7562.6 

15.8 

1.1967 

m 

7562.8 

15.6 

1.1981 

ISO 

7563.3 

15.1 

1.1790 

180 

7564.0 

14.4 

1.1584 

310 

7564.5 

13.9 

1.14B0 

240 

7565.0 

13.4 

1.1271 

270 

7565.5 

12.9 

1.1106 

300 

7566.0 

12.4 

1.0934 

330 

7566.4 

12.0 

i.©m 

340 

7566.6 

11.8 

1.0719 

390 

7567.0 

11.4 

1.0569 

m 

7567.3 

11.1 

1,0m 

m 

7567.8 

]»».6 

1.0253 

480 


10.3 

1.0128 

SIO 

7568.5 

9.9 

0.9956 


CoBtd. 4 ., 





Tiawd, ♦t* 
lee. 

T«|p«nttav«, 

Mr 

CT^ - 7). 

MW 

i«oa^ - t) 

w 

540 

7566.0 

0.5 

0.9777 

5T0 

7S60.1 

0.3 

0.9465 

400 

twWfmB 

8.0 

0.0404 

430 

Tms 

8.4 

0«93« 

440 

mn.t 

8.3 

0.0191 

400 

7570.3 

8.1 

0.0085 

720 

7STO.5 

7.0 

0.8074 

7S0 

•mio.T 

7,7 

0.8866 
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Oslss 3*l»14 and tkn tvaixaoldai xnie 
340 

» / AI.dt • U.« * loT* X 3554.0 • 3.9S7 jix 

« 

A • ^'*'•357 jn 

** *®9»36 Ky tbn krat ^ntant CE^* 4.2.1) ta* 


* ®2I3,1^H| ** 1207.16 ed/gkitm 

la oniar to obtain C?*^ f»« tha c vaina af 2.1, fti, S.l.W 

Taiciao tba amqmaaats leiri «kl btmitb to ba aqnal to tba 

pana llipiid eoaq^aanta, m gat 

^ii» ^ \ - 4b*> 

^3 . ^^.1 %i ^ Ppb ^ ^ 


iA«ra $ m tb«ca»aiaatfla iwimr of tha thmnaeaapla naed. 

.*. ^ XA » s,^ . xM fj ! T a n 


m 0JB64I6 eiO/aiv 


ft „ * 1207,16 

\ S.60 x KT® 

m 1404 OjA/gHilM. 


4.2. 


it aaad. 
of 


OatawlaattaB of boat of aolattoa of lomi in ligali alloys 


li and# by nnuafiiig tke lii»t cdffeet qb addiltioB of « speoln«i ©f 
to Bi«»SB alloy soloott batbs HaiataiBei la the ealorlKeter. the heat 
©Impact ty of the. oalorlaet^ i© foaad froa the oalihratlag aMItioat of 
tiiagft«i or blaaalh. the folloniog eqaatioBS of the heat ooatcats of 
taagate»t lead mid Mneth reqalaed for the ©alcalatloas illnttxetei 
above have bemi takea fvmi the litwratove^®^^ , 

2S£-iM - ■jTs.isVpbC) 

w 


te,.teastlsa 1%^ - ^^isoi^iCD 


^(faiioB). * ^ 

• . 

r 7.6 - C_ I eal/g-atem. 4.2.S^ 

[ ^t^4S44.6>l 

Tm thiee egBatleaa the aabaovlpt of Cp s^adi for the toa^pefatave at 
lihleh the heat ciifaotty is to be taken . the heat aiqpaelty data ave 
takaa fiwi ti*l«® la tti* 


* 

rt ® 

|(T^+40O> 

•e 813,^ oal/g-atea 4.2.1 

* C« ^ 

Pi • 

|(T^44C») 

^ 7S6.8 eal/9»atMi 4.2.2 

• K 

Pt • 

|<T^445I»1 

4 llSi.S ©al/f-ahm 4.2.3a 
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4« SB s mdlter of a^itloa* are lade to s 

OsBalij *® 

, in th« efoetble and tfce eslOBlstieiis sjre nade 

pttftieiilar low* 

1 . «..« 4«««- 

fn- the »• "«*• *• 

I* Beat 6i«w»itlo« of loss vaA blsmitli aw take# as tko 
psnlal gfwi-at©ai« a®** 

^ .4 <ihM !«■« and blswtii of solatioa teB^«fataf#. 
keot eapaeiff Iih*** 

1 1* of oarieas additloas are listed la f ^o II, la 
Ike jpeiaJ** "* 

1 % mi 9 taagstaa is ased ss l^o ealUnratiat 
tko «l®«ribB»8ts so. ** 

{^ts so. I sad 2 feisaatk additioas kste bees Bade 
addttioB. la «^***®^ 

A , oolat^Mi of bisuttk ia tko dB at,% dlld7 kss 
wd tk« boat ^ 

,-uKiJi n>, f*o* the boat offset oa solatioa of Mnufk 

Urn, .ri-UM* 

.,^1*1 gra*-ato»le aethalpy of Mpoitk relatlTO to 
(Tidi)lo ID# tfco pa** 

eal/f-ato« at 464.7^ 

llqaid bisaatk • x^peetiaoly. Ike a»«rog# ralao Is 

lEsp* 1*4) mi 4S9*I5'* w 

. . A “L,/!* ia ^ ak* % B1 *Sb alloys at 462rK. Iks 
^,T eal/g-*ate« it «» • on 

OBly ropoftod tala® * 1 , * 11%* 

i®l aid it is ia food agwawat wltb oar talas, Iho 
oal/gt,atwi at 408** 

00 litofatafs is aot ejf«otod to bo aoeaiato as It 
talas ^ a^^ity of tke ealorlBotor iC^ ) for 

is based oa o,b*^* ^ . 

^ i, oaieatatod f*o« tbs bisantb oalibKatlag additioas* 

tho esqp«riBS of bisaatb is oalwlatad by tbo folloifiBg 

tbe boat offset ®« ^ 


Atd k«it ^ ** 


S772*0 + 0- 




(T • 


(T •> S44«&) a 0*9 

€1^ 


4.2.4 



Smmmry of dot* muXto of exporiKoato imolrlm odditiono of load, blomi^ and tungatoa to 
aolton WLamitb-tla toatb oontaining 40 at. % Bi (55^ at. Bi) 
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OTiM»»ateal t catlialpy <if lead ta 40 at. X Bt^Sit all^TS 

Be partiti gm>ateBie mtk»lpj of lead ia liqaid blsBatii-tiB 
•Iloyt la epai to tie iieat effeet ea dissolatloa of iBtd ia tfco batli 
eonfoapaadlag Bo average <»«pealtieo of tie batb before aad after the 
ail«litioa<3«. 




A 1 




4^a 


whole 


*1 ■ 




0 d o 






a| 4> Bj ♦ Bu ♦ 1^ 


4e3e2 


^ 4 re the anBer of f»ato« of tin mi HiMith ia the Nith 
b^ero the addition aad a^ is awaber of f-otM of iMd odditloa* 

Be valnes of A %aCs) ^*** Partial graM-atoeio eitittf py relatire to 
•olid load are listed la Bble m aloag with 1^, Bose valaca oorrespoad 

to aa OforiKI* tewporatare of 462 j;, 2^* 

For the n»lyslf of ttote remits it Is aeeossary t# hnow the 
partial graaN>aBelo sethalpy relative B ligaid load. Utete vHaes ooa 
be oalealatod by salHitvaotlag heat of fOsioa of lead at ^ fiwB the 
valaes of *»*•* fhsioa of lead Is eralaated by the 

aiutlM f^nalatal m tta bMla of doU ta Jltoiatoro***. 

ro» lood. A T “ «• + »•'*' <*. * “*•*> 

4.SJ 

A 1^1) »•!««• obtalaod ore listed ia fable III. Bo valaes of A 
aad A i^i) «• plsiBd against ia Figs. 11 and 12 respoetivoly aad 
the boot fittBg statistloal lines have boea dresai. Be ogaotion for 
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in 

Ixperlaental talsat ^ ^ 1 ) ** 

3|n^ in « iolvMt with • i.5 it 462^1, 


IB^. lie. 

t 

f 

t 

i 

f 

*»• 

— 1 — - 

f 

t 

• 

1.2 


0.763 

1410 

206 

1.3 


2.236 

1381 

177 

1,3 


4.3tS2 

1378 

174 

i.l 


6.07 

1383 

179 

2.3 


7.2406 

1404 

198 

2.4 


8.626 

1413 

207 

2.5 


0.7743 

1395 

139 

3.2 

t 

1.8435 

1397 

m 

3.3 


3.164 

1371 

165 

3.4 


4.418 

13i6 

m 

4.2 


0.669 

1314 

III 

4*3 


1.801 

1374 

170 

4.4 


2.m 

1865 

161 

4.S 


6.106 

1380 

176 

4.4 


T.Uf 

1^6 

211 
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thm* li&«8 wmt 

A “ 3^364 + 4,176 at iS? Ipj^, eal/9-atM, 3^ 4 0.0]iQ 4,3,4 

A * 140 ♦ 4*13 X 10^ *^/^i^**®*» ^%li ^ O«0to 4,3,6 

1 lt« iMWi seattmr of poiott aa Qlvea bj not mm ataaaro doaiatioB is 
± 30 eal/0»alo«. Hie partial gmi*ato«ie eatbalpy of lead la Hie 40 at. % 
Bi*^ alloy at iafiaite dilatlea is 1364 i 20 cal/o-ato« relative to solid 
1^ at 



Oii^eT f 


01SCG5SI0H 


iltgjiitloa 9t CtTO» 

16» mnmr$ is tlie valuet cm Jbc lata tm 

aategaifiai. 

]t» BaotfaH aviaaa 
2* Systcntia e<m«t 

latpeetioB of B{t. 3.1.14« 3«1.16 aai 3.1.17 ak&m tliat tli« 
irmdoa emaa arlte finm aaeertaiatiM fa tBe valaec cS tlia t«B|}«ral;uae 

of tfao fotvoat batb (T^, A 7^^ , laltial toaporalaao of apoelaioa 
ta« weifpit of tlio apoelam rad tiio ratlaotod valao of foa ae»- 
oalibaatiof aiMitiora. Qaeortaiatf la tlio mmaosMMt of tm^mmtaxc la 
X 04JC®S*C. Ttei aao«rUia %7 la A la ^ iraoat la A 

dqponi apoa tlio aaeoatalatira la ^ ^ob. / dt, Hio 

ioattea la tbo plot of log AT agaiaat ’t* gtao* tbe oaioa la^ t/ 

# 

of iifeoat I; ]J(. Slaoo k A T^ dt ia ibrat oae feaatk of 
tbo total oaaoa la A *t t aeattoa 

ia tilt plot of log AT agalaat ’t* la laagt at kigboa tine. Tkraefeto 
ia alwait oalotlatod tiftiag AT^ at a lotraa tim. Tl© 
aaoeatatatf la if fteator ttoi tko aaeoatalatT latia^aod ia It 

tkara# aaooatalitf ia potoatial raraaaaarat (O.ljBI* Ikia diffortaoo 
•aitoa f*i« oartdatioa ^foota, tl» lag la tto neaaaaiag aalt, tkonaal 

rad ooapoaltloaA ii»4ialiaiiirtt7 ©to. 



m 


tkt iise«rtaiBt]r ia tiit vel^t oS speels^ i« 0.l}0^. a# 
aquilibxlit* toqientBft it takas as the teapetatare at aaro ttea. 

Hia aaeartalaty af ^ o.eO^e la givm rise ta aaglisllila aaaartaiaty 
ia tha kaat aaataat valaat, *&% aaaartaiaty ia tfca ratlaatad valaa 
ariaat flaw tka aaaartaiaty la ^ ia ± Ikas tfce fatal 

riHidaa anar t^lii ka aai^ 1*2^1, Ihit arxar it raflaatad ia tk# saattar 
wa gat ia tka ramlts af tfca iMirtlal gr»^ttaiiia Mtkalpy ef laad. Iha 
fatal kaat affeat af laad additiaatlf idjast 1^00 aal/g-ataa. tkarafare, 
tka saattar is expaated te ka lass tkaa 3S eal/g<>ataa. Ike laat mem 
npara saattar ia tka neasared yalaai af partial sr«»«ataaic aatkalpy 
ralative ta solid lead is 20 aal/9<»ataa. 

Systaaatia arxaxs arise fraa tka a^ertalaty ia tka r^rtad 
valaas af kaat a^>aeity for tai^taB, Imd aad bismtk. fka systaaatia 
arxart ia tka krat a^^ity af taagstaa will latzodaea tysteaatie anars 
In C akiek la taea will iattadaea mmt it A dgaiw enart ia 
tka kaat ai$aeity of lead will also iatiadaea arrers la tka ralaas af 
L 1^. Ika systswatia anar la tka aalaaiattoa af A ^ 

greatsr tkis ralaa kaaaata af aasartaiaty la tka kaat af faslaa af 
Iwd, ISia wgMWribMsit aalikratad 1 ^ tka biswatk additioM will oeatrikata 
a systawatia anar daa te tka aiantaiaty ia tka kaat affaet aa 
dissalatlaa af bisns^. Bowarar, ^a axaat aagaitade af sistaaatle arxart 
an net ka ealaalatad at tka aaentalaty ia tka kaat ai^ity yalitf ara 
not atailakla^^* 



tig ^iatad aat la taatlaa 23 < tka parforaaBce of tka eaioria»ter 
it dataxwiaad priitimy by two eritaria, Ifca ptasaat ealerimtar latisf lat 

-kiiMk MkflaitiftBt. 
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(i) n« tiliqiiwiard ef Is stidile |9 ^ 0.0<^C tkxwf^oat 

a Y«aetIoB, this is sb mseitial featere «f a aaloziswtar 

m tile baste b^t timaefear Inr apes tbii asm^ptles. 

(li> tbe ealoriaeter is se eeastneted tfaat beat ttamfer tabai plaee 
enialjr bj* inKiiatieit* Zhis de^etiea eaa be Bade b; eeepafii^ 
tie ei^pevliM»tai beat ttaesfer eeeCfieieat aitb tbat ealealstai 
tbeeieiieallz fer heat tt«BSf«r by radiatiea. 
rtm 8%s. 34.4 md d.l.li 



ahere X|l » 

8 m «nisslTtty« ©.t for polished Mihls 
m beat eapeelty of the ealorimtar 
S » nvfaee atea 

(T » Strfea’s e^stffiit, 5.67 * 10*® see ^ degree*^. 

3 » 4.3 X 10^ ei^/eal. 

8libetltatiii0 460*8 for *2 eal/deg. f o» aad the avi^^ larfaee 

dpMi of tte i»ae» Best ladlatioB shlidd lod the efHelble« 290 ob for S, 

Be f«t* 

fc m 8.26 X HT^ sos^^ 

Hws the tbeeietleiaiy ealealated talae of *k* is is good agroMoat wift 
the xalae ef 10 1 2.6jeei** ebtalaod eB^erlsMetally* 
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dednetioii em h« mA^ t>y eoaimziis^ tli« mpmitf 
«f ealorineter with that aalealatei theamiaall; fum tn# kaam 
iirai#t &i %k9 all 0 |r la tlie otaalMe. fite wAnm af baat eapaoitlat 


datamlaad «aperlm»tall7 mm llstad ia Ti^la IS alaag nitli tlia valaca of 
tlto hott ea|}aeltl« oaliatlatei tftoarotieallf. Skm tliooaetleallf oalealatii 
Talaoa are lets tiioi lAe «if>eriii^tal nAaea. Hiit 41*er«¥«ie]r arltet 
beeasite of fhe eoatrilntloBS to tie fiaal boat eapaeity by tte atalalots 


iteol oiaotblo, tbe stirrer rodi, tbo mpports aad eoadaetloa effeeis. 
i»iriiror« tbe neantiwt beat ei^aeities awaotoaleally laerease with laoreasa 
la tbe ealealated b«it oi^lti^^ 

fho perfexmaose of this ealorlaeter aay be oMfiared witt those 
of tbe other oaloriwitets frwa the 4ata oMiplled la Table T, It Is 
ebvieat fie« IWde f that this ealorieeter eoeperes fasiwr^ly with other 
ealorlBWters. Honefor, there are eertala linltatloiis, tbe operatiag 
tsi|»eratare mi tbe smsitlrity of tmpmmtsim Beasarlag o*it «*« rather 
low aa4 tbo rawnw is aot aaffleleatly bl|^. It is also doelrable to 
Improve tbe tempearatare siNblllty of tbo oavlrswi^t* Tbeae ifailtattotf 


of this oalorlswtibP cbwi be overoMW hf tbe ase ef sepbistleatei 
etatpmats whlob are aot airailiMe at pres«tt, fer lew eperttlaff 
tem^^atares ase« la these ea^SaieBts, tbe vaeaaw ef 3-^5 jt « ef Hg 
is foaisl to be sattsfeotory. However, bl# vaeiwia is rapilroa to «»M 
oal4atloa of UmU metal bath aad further iwteee tl^ beet traasfer 
ooeirfioieBt at bigbar weifcieg temperatares. 
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fable ff 

Co^paflsen 6f tbe mnwared bwt em}&eltles of tbe ealoriseter 
with tbose ealealated tbeomieallj. 


* « i 

1^. Mo, I fbaoxetleally ealiailated ! Hmsazei ealae of I Olffereoee 

I Cp t eal/g->atiai/H[ I C «eal/9»atoBi^ | 

f * I t 

! I » 

r■-- , . A t...., 


l.l 

29.4Q1 

31.943 

2.S19 

2.1 

3l.l0f 

34.100 

2.993 

4.1 

31.SI4 

34.92S 

3.414 

3.1 

33.^ 

40«14f 

4.227 
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A Tible V 

Com j^ariSson |)TeS€.r)t cetlotl’mele-/ witt\ o1?ey tfdorym^^'*’-^- 


- T- 

Detaiii ; 

« 

« 

Tbls ealeriip^ter 

t 

f 

1 Other ealerlfteters 

8 

4 

1, Ibe thexnoatat'* 

Itetal block 

bath aad swtal 

w. ,.(12,1®) 

block' * 

2, Teaparatara 

ISO® - 200®C 

250® - 500®C 

rungt 

3. Tanperatura 

OB<-off eoatzoller 

Electieaic^^®*^ ^ er 

COBtXOl 

+ 0,005^0 

o»-off^^^*^®^ coBtxeller 
i 0.010® - 0.001®C 

4. Calorloatrie 

Staialoss steel 

Oemr flaik^^^^ 

unit 

ezBcible of thi^ess 

0.05" 

■o-ciBCible^^^^ or gr^Aite 
ciaclble^^^ 

5. Stinrar 

StaialMS steal xoi, 
0.1** diffiiet«r 

Glass stirt«r^^^\ 
■o-stlrrer^^^**®^ or 
gr^ite stirrer^^^^ 

6. Seaiitivitjr of 

O.OOS^C 

0.006® - 0.001®C 

tbe taBperatairo 
laeasatliig aait 

7. CalibratioB 

Ckraical (H) 

CheBieal (M, $81'*®**®*“' 
or eleetrical^^^^ 

8. Eavlxonn^t 

facaaai. 

2-5 X 10“^ SB of Bg 

VasimH, 10*® to 10*^ ■■ of 
Bg or AztpiB gse 

9. AoouTaey of 

1 0.851 

1 0.2 - 251 

oH^auzineBti 

10* Plot of 

ttiiflwt oeor the eative 

la seae eases'* *^ ^ llaear 

log A. 7 Tf. t 

mige 

over the eatire raage ahile 
in o^ors^^*^^ 

BOB-liaear 
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ValuM for tho partial gran^atomie aitbalpy of load is tiio 
blsnatb-tia-l^ ttraary tysim luwe aot yot booi nportad i« tho 
litoratniro, He valaei wmxattA is tkls iarestigation iraiy be 0Mg>a]re4 

with the yalaee predioted by the etatistieal sedais of dilate lolatieae 
mtSi aa regolar solatiea aodei aad the qaaai-oheaieal theory. Also this 
aaalysis will Hiew tom lii^t oa the <^BStitatioa of these selatioas. 

In He regalar solatiea nodel it is asoiaed Hat He solatiea 
is raadea «iid He ee-ordiaatioa aanber Z od He bead energy ^ are 
iadepeadeat of eoapesitioa. He ndative partial grais>atoBiie eaHalpy 
and its eoB^sitioB depeadcnee art girm hf follofiag eqaatioas derlred 
by Joat^^N 

i- (M Z Vu^) 5.3.1 


WBA 



- 2CN Z «{][} ]| 5.3.2 


whore A * He pisrtial grtB-atwaic eaHal^ giree by regalar 


solatiea esdOi 

SI m ratio of atoa fraetioa of two eo^poaeatSt 
M m Asogairo*# aaaber 


i.. •* 

IJ 


t JL f* - X f • 
'^ij - 1 4i - 1 
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1* J aad k stai^ for bionutb, tin and lead respeetlrdly and tbe wpeneript 
o standa for their pore state. For the efaloatien of time eqpiatioas, the 
values of N Z *Stt-Pb ^ ^ are tak«i as ♦ 1350^^^ and 

• 840 eal/f-atea respeetlv^F. Bie l>lSEBBthi>tla spsteai bdkaves in a 
ilsqple a«BBer^^^ with a valae of oalF iEd»at ^ esa/g-atoa at 
•qiii<*^atoBio eenpesitiaa at 608^K. Iherrfere tite regalar solatfoa nodtil 

is applied to the raise of 4? eat/p^atost obtalaed for A %i(i), 3^ * 0.4 
at aiMl a valae of 128 eat/g^rtoai is ealoalated for If Z •^n.gi* 
valnes of A ^^(|) iitflBlte dilation and its eosposltioa depeadenee 
obtained fion ll{S. S.3.1 5.3.2 are 435 and - 81® eal/g»8teB respeetirelF. 

Ike ealoalated valae of A 0 i* higher thu ^e swasnred 

valae of 140 eal/9-*ie»< iwasared valae of the eoqposltiea d^eadeaee of 
partial atonie esthalpy at iaflaite dilattoa is 4130 oal/g-atMi aad 
if differs appreei^ly fms the ealoalated valae of fFtO eal/9->atoB» 

The aegative deriatioa of the ei^erinental valae saggests l^at 
the BBidMtr of Bi<^b beads ia solatloa is larger tkm that predieted 
the regalar solatloa nsdi^. The Ma^raadoanws of the dilate binaith- 
tia^lead solatloa e«i bo thhea into oeasidevatioB by asl^ tiie qaasi* 
ehenioal theory. This theory esanm that the oe-erdlaatloa smdier Z and 
the bond ea^y 6 are iadipend^t of erapositloa bat the ssuBber of 
varioas type of beads If|j I* detetadaed if the eaMgy of beads* Tbe 
relativo ptartial grwKateade Mtbalpy of aa dUeneat Ic la the dilate mlatlea 
of a Boa-^randea tanmry alloy I - J - 1 aad tbe ooapesitlea depeadrace 

ef tbe partial graa-atesde eathaipy eaa be obtained fiaa tile eagoessloa 
C40) 

derived by lent ♦ 


j 
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^\.a. 0 “ \ 


.n z ■ 


n 


4 (^11) 


5.3.8 


4 


4 


4*1^ 


+ Z 4j 


5.3,4 


vlitre tfce faimti®* 1« otwr Ij , jk »4 Ik. Ik« ©a^fSeiett 

aeoonata far tk« 4ep«rtaft fwa raii^««»i* Btpr«sl»»s for ore 

givon in ref. 49 l« t«*» %* * *U* ** ^ *Jk* ** * *« "“^ *' 

I» otder to efoloate these epotioos the «Mis4i.«tlo» sMker Z 1» tke 
4Uiite seletleo of !««« 1« Msitii^tlo eilo,» -St be kooeo. me rlee 
of Z. 0bt»l«s4 for » IteeW 11®? ft®- 41ffr«tio» 4at«. 4op«.4o epee 
the »eiho4 of oHaiolog tie area a1«r tie first peak of the roiHa 
4lotnhetloo oorr..<^*-*^^ ^oa tie 4tffraotio. 4.ta ore erjla^ hy 
tie .«.» i»etlo4. 0 reUe ef T.6 is obta iiie4 for botl bt«.th ^ 

tliP'^K Kith this taloe of % 

apietioii 5*34 ylelft « e1»« ^ ^ eal/t-otoe fer ® 

ohiel oi^Piro. rea«»oi44f «ith the aea^ired raloe of 160 eal/f-otoa. 

Hoeeter. the relee of - m oH/f^ ft» ft® eo^ltiee 4e|K»i««ee of 

^ Bfa & t 4 if aet Mioh Kiffereat £»■ that pr«4l6to4 

by the roller iolatio* eodol, 

UlOlWT ««»“ **«* **• "* 
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iiidiq)«iKirat of eo^positioB. la the dilate solatiea of lead ia biaoBtlw 
tin alleys* lead ateas are ia aa eOTlroi^teBt differ^t fron that la pire 
liqald lead. Therefore, the relative otergy of Pb-Pb bonds At ■*9r 
be e 3 g>eeted to have a iw»>zere valoe. The reqaired aedifieatioas in the 
qaasi-eheadeal theory hare bees mde by to take this no»*aezo 

valae of A € Moeaat, Dsiag his eqaatioas a valae of 

f » 2 Pb-Pb can be oalealated fron ^e eap«riJiaital valae of tile 
eo^positiOB depoxieBoe of ^ valae is 2^ «a/ 9 *>atOB. 1%as 

a ohmge of aboat ia tiie bead energy (ndative to the heat of 

f39) 

vapoarlsatioa of lead of 46.6 keal/g-aton. ) on aoeonat for the etoerved 

ISlel 

disen^aoy ia amsared valae. «reaa et. al* h«t alma ttat the ^ange 
In bond eaeigy hai ealy a aegiigible ^feet oa the relative partial gran* 
atonio enthalpy at iafiaite dilatlea. 

It nay be mted that slailar aaalysis perfoned for other system ' 
also ^en ehaage ia bead energy of aimt S-lC^t. hi reported by Peaa 
et. al^^, ia the dilaU solatiea of gold ia tie blSBnth<*tia alleyst the 
oalealated eoapesitioB depeadeBoe of pirtial gm->atoBde enthalpy differs 
i^preoiihly fron the naasared valae. k ^mge ef ahent ia itte bead 
eaeigy ef hii'^ bea^ aeonats far this diffcreaee. Boweveft the neasared 
partial eathalpies at iafiaite dllaiiea ef geld la bi«m^tia alleys 
diffep by 706 oal/g-atm. This differemie is an^geeted to be dae 
te the differeaoe ef ea>-erdlaetieB aBad»n Z of gold ia solatioa faan that 
ia the tolvoat. Ia blfaath*tia*load' systoa the oo^xdtaetloa matom 2 
is aalik^y n b« different, beemie the atenle volaneo ef elmeats 
bisaatii tia are aeaifly saae an that ef lead,^^^^^^ Therefore, the 
eaperiaiatally aas* theofetimiy cilnlated valies are aet expeeted te 
Km Miih dlffereat. Ia feet, the neasared valae ef the partial grsn-ateaio 
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ent^tlpy ©£ leMi at iafioite dilailea Is tii« bl»ntk*tiB allays Is asly 
about 100 eal/^atoa less thas that jpveiietad by tie qaast^efcasieail Sbaazy. 

the qaasi*(A«Bioal tbeeiy sagleats tba sibntlaadl eetzapy* 
Howevasisay effect of Tibsatlasal mfiapy Is likely to b« n«ll beeaasa 
of the snail AH valats wd law tanporatases. It maf be easolsHni that 
the <il8e7(^aBey hetmm the neasevetf valae of eoas^aslties d^eedeanie of 
partial gran^ataatic oithalpy sad the salae eal<»tlated hy {ptasi^^enleal 
theory is naisly dae to the change la the eiwigy of I1>»Fb bands* 

S.4* Sg.SCi.Mte 

I A llgald natal selatlaa oalerlaeter has bees desigaed wd fabricated^ 
Its perfoiMnnse aoapmm mil with oth«r liga^ natal solatlaa 
ealarinelats* Sane of its saHent fmtares ave fallaniBgt 
<|) the tMpevatare matxal «f the fidLoflaeter is O*O0i^C« 
ill) Pteelsita ef lenpetatate neamimmit is 0*00^0* 
flit) the mine af the heat tn«sf«r aa^fteleat Is femd to be 
indi^eadeat ef ttnei. 

flv) the atmi^l {netislaa af aMwsmrenent ef heat ef salatlmt 
is 

XI the i^tftial graB^atmie m^alpy af blsnatt Im 40 nt» Jl 

allays relative te limpid bisnath Is found p be 4f , eai/9*etnn at 
46^* 

in the partial graBMitmde enthaliy af imd im..40 nt^,X ii^iSn alleys 
r^atlve to ealid le^ M Infinite ditatien has been masaxed as 
20 mi/f'^aie* ^at 4^^ 

IV the eas^ities dpandenae ef pertia granMitanie enthalpy ef leed 
r^atlve te lte« 1*^ «* dllatiaisis 4130 cal/gMiten 
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f It i« foBKd tliat tht masQved vtlaes of tfce partial gra»»ate«ie 

MBtiialpy pf lei^ at ififiaite dllatloa aod it* eoafiositioB di^oi^eaea 
diviato eoBtidera^ly fioo tjtose ealeaiated oa tlio ImsIs of regular 
solutioB aedol, Bowerer, tie aeas«red ralao of partial giBB^atoide 
mthalpy It is good i^rees^t with the raise oalealatoil frwa tie 
quasi^cifliBioal thooiy* lie diser^anej betveea tie BeaiBrod raliie 
of eomiesitioa dopiaideBee of partial grao-atoBtio eattalpy aid tie 
value eiAoulated fron tie <pasi*oieaieal theory i* aaialy ^e to tie 
oblige iu tie esexgy of Pb-.R> hoada* 

5.&. ^ggfitloBa for lirtii«r lerfc 

I Calorlatetafi lie seepe of ^Is ealoriaetar waA wemtmj of 
aieasaraneBt oaa be lapreved ^ follovl^ Bodifieatiowit 
1* tie ealetiiieter ha* ieea desipied to operate apto 40O*C tnt 
a* radh OBly half of ttis ran^ em be «ted, the teaieeratare 
mige e«i be ii^imased iiepioviii^ iaealatioBt aad ieatlag 
eotls» 

t, tie va«WM Ib ^e oaloriaet^ e«i be Uiproved te IfiT® - m"* 

Bn ef Bg by tie ate of large ea^BH^Ity diffasloB pop. tils 
will re^ee tile *i* vslse te ialf of ita praaeBt valae. 

3« lie seBiitivity of tio tei^pralBre neasBreneat enai be 
li^prcd by tie ate of galvmonetee-aa^lifiiar. 

Bte ol oomtnat volti^e aapply aslt maA aiiM»aditioBnr 

wilt oerliiiAy iBpeve tea pe ra P re ooetiol of tie ealerinetor* 
S, Sm ptotwitte teBp^ntore- receider ef iigi preeit lea pd tped 
will ie a grPt ptet wi^ tiis ealortaetp. IhifertBBatPy 
^it naeiiie If very ep«»tlp* 



Biaauta^tiBoiead iTtifiat It woald e^alaly pioya 
te OH^asujre th# partial gra»>atofldc ^titalpy of l«iitf ia biwuth- 
tla alloys over a range of co^sition of solveat batb and 
tenqjeratiirt. It wonld hdlp In bettor naderstanding of Ibe thowo- 
dynanlc bebarier of this systaa. 




Fig, !• €Etl«rtott€ar. Wf. 2. ftiltgrai’f 

CyalvaSiw tub# mj^xtlsg fltme« 
wiiSlagi SfXailtilos 
I»iwipl« beating ftoznaeet 
S^miemm jnekel. 
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tfc«iiBeit«n!stt|r, 4 ^ m^t fmmm Pvwt I.M** iwm^ 
t* f«i>* MitiIttI, eiQNnrlfliratiA 1i«Fnii«ittalitf|r« Sit«f9tt«iit 
niMtii<Ki, m. t, imK 

t» t3« cmm^ imtmisfm tt Miwiiti iiMw^t il. l*A« 

VM* If* fitwMtineo flibllili«it« (Ifl&K 

4* St IP iPi]!ttSi€tfMi 1m ii«imdMiriittiir» e. ?« 

iHtllMlf* |19«K 

it Wttiit Hw SKitn CPIctliMtprt IM^It 

4* 1* 4ii9^t ^ SiMSt* tpr* sett MiVti 

imiK 

P#« IPS l» antpili* Mit' Am* i4l* (SUfl^t ■ 

0* B.&t UiitMr m4 f* iMoPlii* lilMit ABQSi 8^ Cllitlf 

IliexBiieSaisffjrt 

PiUlilraiti isAt i« 

Kit St CmtIpI aiS 8« Prat* Mtcat fwa§gm$ t» MextePtortpHiMt 
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lit It^t sMl i3» SMT* rtm* A»I* IS^ iii» 

Ht M* HiSfSf ft pf fiF» ®M»*t ill 

lit s* ■§•!• art Stft sii#« 14 Jit siifpr iiilti* apppimi, iwm* 
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IffPiPf 

a, M, tJUU, Mwkt 1.3. iMn* mi ■*. Mnt, am. Ml. , 
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8* Mi a,sx. hmmh^ J. HU jg, Wt* a8iS)« 

IT* *•!. S«m Mi I.SX. 8. m. Bwtr,, jg, noi, 

IS* SX« Oft* A* SfliNos* Mi t* BiltgrM* Sm. HU SMtt.* Jg* 

Wr* (IfSI). 

i*A. StlMl Mi IX* IbxpSir* i* Fbf. Om.* |g* 33T* fl9^)* 
i0« S« I^Mt 8*8* Sli# Mi 8*8* lailM 4* tf IMlMloffr* 

ll9iS>* 

tu j4x* iMift* mmImm it n^wioii mim*#!* «, s*a* 
mL !t, pMi 
St* C* •ItpiMt tlM* 

M* 8*i. lifirttltM* 8* tl#i* 8X. HlttlAlt ■«* Sii* iMit** Jg, 

utt* iimy» 

r«S* llttlM tii 8. ftibM* Z^t fit Q«tti0ibMl% jg0 IHI* 
fl^}* 

IS* 8X* fMl* ttMt* ASffi, mi* CfMSI*. 

2S. SX. S^ieM Mi IX. 8lllttt« ttMt. AlUl* Jg* <19861* 

27. A*l.l!* liftif Mi IX. fMU« Mi. I. %pl* ftf** S17* <19861* 

2S« S«A. OiiMl Mi 9X» Mtj^* 13m PkytlMi UMatflOf 9t MMitlii 
8»|«tllxM* HI* If Wl* N»* % BMO* Lw i iB i i* ilfill* 

39. AX* iMA Mi IX* ftsM* Sm* AOK* tiS* KESS* CI969I* 

SO* AX* iMt Mi IX* 'SMM* ftMt* IM* SM« ADSE* MS* <l9iS>* 

31* AX* l<Mi Mi IXX* iiMiiif A#liA* liA*|i Hjl* 13Wi>f <19861 « 

m* AX* 3mm AX* llAli. Mi IX* iMiV* Stt* liM««t Jb >86r« ' 

1 11^ itiiiiinii 'li 

CIWwAb. 

33* AX. AMMf Alii. Ail* iw« i« MA** I* liPAD* 

34* 3, aO wti li MiH Mi IX. SMiMillv IlMMtNiittf Hti ft 

MlfM* NtMIBMI flMt* tlHA}* 
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